Highly ordered SnO 2 and NiO nanocolumns have been successfully achieved by glancing-angle deposition (GLAD) using an electron beam evaporator. Nanocolumnar SnO 2 and NiO sensors exhibited high performance owing to the porous nanostructural effect with the formation of a double Schottky junction and high surface-to-volume ratios. When all gas sensors were exposed to various gases such as C 2 H 5 OH, C 6 H 6 , and CH 3 COCH 3 , the response of the highly ordered SnO 2 nanocolumn were over 50 times higher than that of the SnO 2 thin film. This work will bring broad interest and create a strong impact in many different fields owing to its particularly simple and reliable fabrication process.
INTRODUCTION
Over the past decade, rapid developments in nanoscience and nanotechnology have accelerated research in nanomaterials [1] .
Generally, nanomaterials can be classified as having three different morphologies or nanostructures (1D, 2D, or 3D), which affect the electrical properties of nanomaterials based on metal oxide [2] . In particular, 1D nanostructures based on metal oxide are more applicable to nanoelectronics and nanodevices. The widths and lengths of 1D nanostructures are confined to the nanoscale range between 1 and 100 nm, but the lengths can be several micrometer or more, leading to anisotropic nanostructures with high surface-to-volume ratios [3] [4] [5] [6] . Recently, a glancing-angle deposition (GLAD) technique based on the physical vapor deposition (PVD) process has emerged as a promising method, that is cost effective and can uniformly fabricate a variety of well-ordered nanostructures, (i.e., aligned 1D nanostructures such as nanorods, nanoblades, and zigzag nanocolumns) by controlling the incident angle and optional substrate rotation [11, 12] .
Chemiresistive gas sensors have a profound influence in the areas of medical diagnosis, food processing, military environments, personal safety, public security, agriculture, and the automotive and aerospace industries [13] [14] [15] [16] [17] . One of the most promising advantages of chemiresistive gas sensors is the implementation of simple, cost-effective, power-efficient, reliable, sensitive, and selective nanodevices for real-time analysis chemical analytes [18] . In this respect, semiconductor gas sensors based on metal oxides have been investigated owing to various 
EXPERIMENTAL

Fabrication
Pt/Ti (150 nm/30 nm thick) interdigitated electrodes (IDEs)
were fabricated on a SiO 
Characterization
X-ray diffraction (XRD) was used to analyze films using an Xray diffractometer (DMax2500). The morphology of the fabricated SnO 2 , NiO nanocolumns was observed by a field emission scanning electron microscope (FESEM) using an acceleration voltage of 15 kV and a working distance of 10 mm.
Sensor Measurements
Gas sensing properties of the SnO 2 thin film, SnO 2 nanocolumn, NiO thin film and NiO nanocolumn were measured in a quartz tube with external heating. The flow gas was changed from dry air to a calibrated target gas (balanced with dry air). A constant flow rate of 500 sccm was used for the dry air and target gas. The response of the samples was accurately determined by measuring the baseline resistance in dry air and the fully saturated resistance after exposure to the target gas. The resistances were measured at a DC bias voltage of 0.1 V using a source measurement unit (Keithley 236). The gas flow was controlled using mass flow controllers and all measurements were recorded on a computer using LabVIEW over a General Purpose Interface Bus (GPIB) interface.
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